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Summary Relation of right-to-left shunt (RLS) with chronic hyperventilation syndrome (CHVS)
has not been previously reported. We evaluated the prevalence of RLS in patients with CHVS.
Patients with CHVS and 25 healthy controls (CG) were recruited into the study. Vascular RLS was
diagnosed using contrast TCD. Of 25 subjects with CHVS, 16 (64%) had RLS vs 3 from CG (12%).Tetania;
Spasmophilia;
Right to left shunt;
Patent foramen
TEE conﬁrmed PFO in 10 patients with CHVS (40%) vs 2 from CG (8%). Pulmonary AVM was found
in chest CT in 2 patients (10%) with CHVS and none from CG. The prevalence of RLS and PFO in
patients with CHVS was signiﬁcantly higher than in healthy subjects.
© 2012 Elsevier GmbH.
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Introduction
Chronic hyperventilation syndrome (CHVS, tetania and
spasmophilia) represents a relatively common but poorly
understood clinical entity. Approximately 10% of patients
in a general internal medicine practice are reported to
have CHVS. Chronic hyperventilation syndrome typically
present with recurrent and different respiratory, neurologi-
cal, cardiac or dysphoric symptoms, however, the underlying
pathophysiology has not been clearly elucidated so far [1].
Patients with CHVS usually undergo extensive and expensive
investigations but in majority of them no organic causes are
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Open access under CC BY-NC-ND license.iscovered. Chronic hyperventilation syndrome is thought
o result from hypocapnia, hypocalcemia or alcalosis due
o psychogenic hyperventilation but although CHVS and psy-
hiatric disorders may overlap, only quarter of patients with
yperventilation syndrome manifest panic disorder. Differ-
nt stressors such as emotional distress but also sodium
actate, caffeine, isoproterenol can provoke an exagger-
ted respiratory response. We hypothesized that various
ndogenic trigger substances might enter the systemic circu-
ation through cardiac or pulmonary right-to-left shunt (RLS)
nstead of being trapped in the pulmonary capillaries and
ontribute with development of CHVS.im
he aim of this single center study was to evaluate the inci-
ence of RLS in patients with CHVS.
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Table 1 Baseline characteristics of studied group.
Group CHVS Control p
N (%) 25 25
Mean age (±SD) years 37 (8) 39 (6) NS
Females 21 (82%) 18 (70%) NS
Vertigo 4 (16%) 0 —
Dizziness 5 (20%) 0 —
Numbness 15 (60%) 0 —
Dysesthesias 21 (85%) 0 —
Near syncope 5 (20%) 0 —
Migraine with aura 4 (16%) 0 —
Migraine w/h aura 2 (8%) 0 —
CHVS: chronic hyperventilation syndrome; NS: not signiﬁcant.
Table 2 Right-to-left shunt in studied groups.
Group CHVS Control p
N (%) 25 25
RLS in c-TCD 16 (64%) 3 (12%) <0.05
TEE: PFO 10 (40%) 2 (8%) <0.05
CT: pulmonary AVM 2 (10%) 0
Grade of RLS in c-TCD
1) None 9 (36%) 22 (88%) <0.05
2) 1—10MB 8 (32%) 3 (12%) <0.05
3) >10MB no curtain 5 (20%) 0
4) Curtain 3 (12%) 0
CHVS: chronic hyperventilation syndrome; AVM: arteriovenous
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aterials and methods
wenty-eight patients with previously diagnosed CHVS and
5 healthy subjects (control group, CG) were prospectively
ecruited to the study and admitted to Clinic of Neurol-
gy, Military Medical Institute, Warsaw, Poland. Chronic
yperventilation syndrome was diagnosed basing on typical
ecurrent clinical symptoms (dizziness, numbness, pares-
hesias or near syncope), which could be reproduced by
oluntary hyperventilation. The diagnosis was conﬁrmed
ith presence of spontaneous electromyographic (EMG)
ctivity with 2 or more multiplets during provocative
schemia and hyperventilation [2]. All patients with CHVS
ad undergone brain neuroimaging (MRI), EEG, carotid
uplex ultrasonography and transcranial Doppler (TCD)
ltrasonography to exclude organic causes of the symptoms
efore entering the study. Total and ionized calcium was
ithin the normal reference range levels in all examined
ubjects. Patients were consulted with neuropsychologist
nd endocrinologist. Three patients in whom diagnosis of
anic disorder (n = 1), agoraphobia (n = 1) or endocrine dis-
urbance (n = 1) had been established were not included into
he trial. Vascular RLS was diagnosed using contrast TCD (c-
CD, Nicolet Companion III) of the middle cerebral artery
MCA) to detect the presence of microbubble emboli (MB)
ollowing the standardized protocol [3]. All patients had
dequate temporal window to perform TCD examination.
ppearance of at least 1 contrast induced MB signal on the
-TCD trace was regarded pathognomonic for RLS. Patients
ere prepared with an 18-gauge needle inserted into the
ubital vein and were examined in the supine position.
nsonation of one MCA using TCD was performed. The con-
rast agent was prepared using 9ml isotonic saline solution
nd 1ml air mixed with a three-way stopcock by exchange
f saline/air mixture between the syringes and injected as
bolus. The MB were recorded with TCD at rest and in
ase of little or no detection of MB in the MCA under basal
onditions the examination was repeated 5 s post injection
ollowing Valsalva maneuver (VM) with controlled duration
10 s) and pressure (forced expiration against a manome-
er to 40mmHg). All examinations were done by a single
xperienced operator (J.S.). Grading or RLS was performed
y counting the number of embolic tracks on the power
-mode and Doppler spectrogram in real time and ofﬂine.
four-level categorization according to the MB count was
pplied: (1) 0 MB (negative result); (2) 1—10MB (low-grade
hunt); (3) >10 MB + no curtain (medium-grade); (4) curtain
large-grade). Patients with c-TCD diagnosed RLS underwent
ransoesophagal echocardiography (TEE) to detect cardiac
auses of the shunt. The echocardiographers were blinded
s to the status of the individual patients. In the case of
egative TEE contrast-enhanced chest CT for the presence
f pulmonary arteriovenous malformations (AVM) was per-
ormed. The protocol of the study has been accepted by
he local Ethics Committee. Written informed consent was
btained from each patient.esults
ifty patients (mean age 38 years; females 76%), 25 with
HVS and 25 from CG were included to analysis. The groups
D
T
hmalformation; RLS: right-to-left shunt; TEE: transesophageal
echocardiography; PFO: patent foramen ovale.
id not differ with regard to mean age and sex. Table 1
epresents demographic data and baseline neurological
haracteristics of the analyzed population. Six patients with
HVS (24%) and none from CG had concomitant migraine.
ixteen (64%) patients with CHVD had documented RLS bas-
ng on c-TCD examination compared with 3 subjects from CG
12%, p < 0.05) (Table 2). All patients with RLS from CG had
ow-grade shunt compared with CHVD group in which 50%
f subjects with shunt had medium- or large-grade shunts.
en of 16 patients with CHVS and RLS (63%) had spontaneous
hunt with MB detected at rest compared with 1 of 3 from
G (33%), the rest subjects had provocative RLS detected
nly after VM. Transoesophagal echocardiography conﬁrmed
atent foramen ovale (PFO) in 10 patients with CHVS (40%)
nd 2 from CG (8%, p < 0.05). PFO was a major cause of RLS
n CHVS and CG patients (63% vs 67%, respectively). Bas-
ng on chest CT examination, pulmonary AVM was found in
patients (10%) with CHVS (13% of patients with RLS and
HVS) and none from CG. Overall, TEE and chest CT exami-
ations revealed the source of RLS in 12 patients with CHVS
48%) and 2 from CG (8%, p < 0.05). Four of six patients with
HVS and migraine (67%) had RLS due to PFO, the rest 2
ubjects had normal c-TCD.iscussion
he underlying mechanism by which some patients develop
yperventilation syndrome is unknown. It often represents
s
R
ﬁ
i
C
T
s
g
d
R
[
[
[Right-to-left shunt in CHVS patients
a simple manifestation of anxiety, rarely endocrine and
respiratory diseases (i.e. hypoparathyroidism, asthma and
pulmonary embolism) or central nervous system disorders
(i.e. brainstem lesions). In many patients the cause of CHVS
remains, however, unclear [4]. The pathogenetic role of RLS
is unknown and as far as we know the link between RLS
and CHVS has not been reported so far. Patent foramen
ovale represents a main cause of cardiac RLS. According
to different studies PFO is a common and generally benign
ﬁnding present on autopsy in approximately 17—29% of pop-
ulation [5]. Direct PFO visualization by TEE is considered
the golden standard for PFO diagnosis but contrast TCD of
the MCA has similar and high sensitivity (70—100%) [6]. Data
from population-based studies showed that prevalence of
PFO in the general population is ranging from 11% to 25%
by TEE. PFO has been linked with paradoxical embolization
of thrombi and other microparticles or vasoactive chemi-
cals leading to cryptogenic stroke and also broad spectrum
of neurological diseases (migraine or migraine with aura,
transient global amnesia, decompression sickness in sport
divers) [7,8]. Anzola et al. reported in TCD study that RLS
was present in 48% of individuals with migraine with aura,
compared with 20% of healthy controls and 23% of patients
with migraine without aura [9].
The present study demonstrated higher prevalence of
RLS in CHVS group (64%) than in CG (12%). In over half of
all studied patients RLS had been related to PFO, but we
also found that AVM was the cause of RLS in 2 patients with
CHVS. The prevalence of PFO in all studied CHVS patients
(40%) was signiﬁcantly higher than in CG and expected in
the general population (≈25%). The prevalence of extracar-
diac shunting via pulmonary AVM in the general population
is not well studied but its presence is believed to be uncom-
mon. In an autopsy study, only three cases of pulmonary
AVM were detected in 15,000 consecutive autopsies [10].
High frequency of PFO and AVM in CHVS suggests a possi-
ble link with RLS regardless of its cause, however, causal
relationship between these conditions is unknown. As postu-
lated in previous reports, RLS may allow venous-circulating,
vasoactive chemicals to bypass the pulmonary ﬁlter and
reach the cerebral circulation to induce a migraine and
possibly hyperventilation attack [11]. This concept is, how-
ever, not supported by the observation that inducing a drop
in arterial pCO2 through forced voluntary hyperventilation
may provoke CHVS in some but not all patients [12]. Obvi-
ously CHVS is related to a variety of mechanisms, which may
not be associated with hyperventilation alone. Migraine was
a frequent concomitant disease in CHVS group (24%) and
majority of these patients (67%) had RLS. This ﬁnding sug-
gests that migraine and CHVS may share similar etiology in
selected patients with RLS. This observation is in line with
some previous reports showing typical picture of CHVS in
[
[243
everal patients with migraine at a headache phase [13,14].
eported association between CHVS and RLS is novel and dif-
cult to explain but whether functional or etiologic it may
mprove the understanding of these conditions.
onclusions
he prevalence of RLS and PFO in patients with CHVS was
igniﬁcantly higher than in healthy subjects from control
roup. The clinical implications of our ﬁndings need to be
etermined.
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